Serological assays and a two-tiered test algorithm are recommended for laboratory confirmation of Lyme disease. In the United States, the sensitivity of two-tiered testing using commercially available serology-based assays is dependent on the stage of infection and ranges from 30% in the early localized disease stage to near 100% in late-stage disease. Other variables, including subjectivity in reading Western blots, compliance with two-tiered recommendations, use of different first-and second-tier test combinations, and use of different test samples, all contribute to variation in two-tiered test performance. The availability and use of sample sets from well-characterized Lyme disease patients and controls are needed to better assess the performance of existing tests and for development of improved assays. To address this need, the Centers for Disease Control and Prevention and the National Institutes of Health prospectively collected sera from patients at all stages of Lyme disease, as well as healthy donors and patients with look-alike diseases. Patients and healthy controls were recruited using strict inclusion and exclusion criteria. Samples from all included patients were retrospectively characterized by two-tiered testing. The results from two-tiered testing corroborated the need for novel and improved diagnostics, particularly for laboratory diagnosis of earlier stages of infection. Furthermore, the two-tiered results provide a baseline with samples from well-characterized patients that can be used in comparing the sensitivity and specificity of novel diagnostics. Panels of sera and accompanying clinical and laboratory testing results are now available to Lyme disease serological test users and researchers developing novel tests.
L
yme disease is caused by the spirochete Borrelia burgdorferi and is transmitted to humans by the bite of infected Ixodes ticks. The clinical course of disease can be described as occurring in three stages: early localized, early disseminated, and late disseminated. Each stage of disease may involve multiple tissues and organ systems, including the skin, heart, nerves, and joints (1) . However, beyond the presence of an erythema migrans (EM) in the context of epidemiological risk, individual signs and symptoms of disease are not sufficiently specific to make a diagnosis (1, 2) .
In contrast to many bacterial infections, the recovery of B. burgdorferi and direct detection of agent-specific markers are not particularly useful for diagnosis. This is due primarily to the extreme sparsity of spirochetes in most infected tissues (3) . Nevertheless, a natural antibody response to the pathogen develops over the early weeks of infection and persists. These characteristics of Lyme disease have motivated efforts to identify and characterize dozens of agent-specific immune-dominant antigens and epitopes (1) . Consequently, serological assays measuring antibody responses and profiles have been the mainstay of laboratory confirmation (1) , as well as the basis of all Food and Drug Administration (FDA)-cleared tests for Lyme disease. In 1995, the Centers for Disease Control and Prevention (CDC) recommended a two-tiered serologic testing algorithm that utilizes a first-tier enzyme immunoassay (EIA) followed by second-tier Western immunoblot (WB) assays to standardize laboratory evidence of exposure to B. burgdorferi (4) . Despite this recommendation, variability in test performance has led to substantial confusion and uncertainty regarding the appropriate use and interpretation of test results (3, (5) (6) (7) . Many of the reported performance variances may be linked to test sample heterogeneity. Additionally, the comparative evaluation of existing and new tests suffers from a lack of a well-characterized sample repository. In 2007, the CDC and the National Institutes of Health (NIH) undertook an effort to address this shortcoming by collecting sera from patients at all stages of B. burgdorferi infection and negative controls that included healthy individuals and patients with other diseases known to challenge the specificity of serological tests for Lyme disease. This report describes those efforts, along with the documentation and characterization of the serum samples acquired. Furthermore, the availability of samples from the Lyme serum repository (LSR) for research and the development of improved serology tests are discussed.
MATERIALS AND METHODS
Serum acquisition and acceptance. Sera from positive (Lyme disease) and negative (non-Lyme disease) controls were obtained prospectively through contracts established between the CDC and external providers. Review of contract proposals assessed the provider's case definition and proof of disease, inclusion and exclusion criteria, informed consent, clinical history questionnaire, recruitment procedures, sample handling and tracking, and budget justification. Additionally, individual provider's ex-perience based on their peer-reviewed publications and ability to recruit specific donors, collect samples, provide deliverables, and meet calendar milestones were evaluated. Each selected provider was required to obtain local and CDC Institution Review Board (IRB) approval prior to enrollment of patients. The final inclusion and exclusion criteria used to identify eligible and ineligible participants for each contract were agreed upon by the contract provider and the CDC. Lyme disease serology or results from two-tiered testing did not play a role in patient enrollment except for inclusion of late-stage Lyme arthritis patients. This was done to minimize reproofing of samples for early disease (i.e., providing samples for the purpose of test evaluation and improvement that had already been shown to be seropositive) and to recruit a potentially broader Lyme disease patient population. Although early Lyme disease patients could be twotiered negative, they were required to have well-documented clinical and laboratory (PCR and/or culture) evidence of infection.
Collected sera were stored at Ϫ20°C for up to 2 weeks or at Ϫ70°C for longer periods. The sera were transferred on dry ice to the Division of Vector-Borne Diseases at the CDC in Fort Collins, CO, along with supporting clinical and laboratory data. Upon arrival, samples were given a CDC identifier number, thawed, heat inactivated at 56°C for 30 min, aliquoted (100 l) into 0.5-ml conical tubes with screw caps, and stored at Ϫ70°C. Heat inactivation was performed to minimize exposure risk to potential pathogens in serum samples by end users of the LSR.
Sample characterization. Sera from all individuals (positive and negative controls) were tested at the CDC for antibodies to B. burgdorferi. Testing was performed in a blinded fashion by assigning a random number to each sample prior to testing. All serologic assays were performed following the manufacturer's instructions. The CDC-recommended two-tiered testing algorithm (4) was performed using FDA-cleared assays for Lyme disease. The assays consisted of a first-tier whole-cell sonicate (WCS) EIA (Vidas Lyme IgM and IgG Polyvalent Assay, bioMérieux, Inc., Durham, NC), followed by second-tier IgM and IgG WBs (MarDx Diagnostics, Inc., Carlsbad, CA). The immunoblotting results were interpreted according to the guidelines proposed by the CDC (4). Samples were considered two-tiered positive if the first-tier test was equivocal or positive and the second-tier IgM and/or IgG WB was positive. For the IgM blot to be positive, at least 2 of 3 Lymespecific bands had to be scored as meeting the test intensity threshold, and for IgG blot positivity, at least 5 of 10 Lyme-specific bands had to be scored as meeting the test intensity threshold. IgM WBs were not considered in the final interpretation of two-tiered test results for serum samples collected from patients with Ͼ30 days of illness. All WBs were read by three individuals, and the interpretations were compared. If two out of three reads agreed, the read that was in agreement was accepted as final. If the reads of all three individuals disagreed, a consensus read was determined by all three readers.
Culture and PCR of samples from enrolled Lyme patients. Samples from patients with early localized (only an EM) and early disseminated (Lyme carditis or Lyme neuroborreliosis) Lyme disease were tested by culture and PCR when possible. Culture and PCR were performed according to published methods (8) (9) (10) (11) . Additionally, joint fluid from patients with late disseminated Lyme arthritis was tested by PCR using the published methods of Li et al. (12) . All culture and PCR were performed by the sample providers.
Panel types/composition. Serum panels representing both Lyme disease patients and non-Lyme disease patients were formulated to meet anticipated needs of Lyme disease clinical laboratories, investigators, and manufacturers of new tests in the process of FDA clearance.
RESULTS
Contracts and sample acquisition. Eleven contracts were awarded based on the response to a publically advertised funding announcement. The inclusion and exclusion criteria for selecting study participants varied based on the stage of Lyme disease or the look-alike disease for which the serum was sought. These criteria are outlined in Tables S1 to S3 in the supplemental material for each patient group and healthy controls. All patients were classified in two control categories: positive (Lyme disease patients) and negative (non-Lyme disease patients). Positive controls consisted of physician-diagnosed Lyme disease patients that were well documented, both clinically and epidemiologically. Negative controls were healthy residents of regions to which Lyme disease was endemic and regions to which it was not and persons with other diseases (infectious mononucleosis, fibromyalgia, multiple sclerosis, rheumatoid arthritis, syphilis, and severe periodontitis) that had no history of Lyme disease. The latter group of negative controls represents diseases that are reported to generate serologic cross-reactivity in antibody-based tests for Lyme disease (13, 14) . These samples were targeted to enable assessment of Lyme disease serological tests' specificity. The control groups, subcategories, and numbers of serum samples collected for each are summarized in Table 1 . A total of 471 serum samples were collected between 2008 and 2012. The volume of individual serum collected varied depending on the category and ranged from less than 10 ml to greater than 40 ml.
Sample characterization based on medical record data. A medical questionnaire developed by contract providers and approved by the CDC was administered to all serum donors at the time they were enrolled in the study. Information collected through the questionnaire included age, sex, race, past medical history of tick-borne and Lyme disease, history of look-alike disease, and pregnancy, as well as any comorbidities and immunocompromising conditions. Exclusion criteria for enrollment of early Lyme patients included significant immunocompromising conditions, such as HIV or any disease that required immunosuppressive medications. Other immunocompromising conditions that were reported by the patient and did not fall into the category described above were recorded as part of their medical history.
Positive controls. (i) Early Lyme disease with EM. Selection of early Lyme disease patients for the LSR was based on the inclusion criteria described in Table S1 in the supplemental material. These criteria included appropriate epidemiological risk, the presence of a skin lesion consistent with EM of at least 5 cm in diameter, and when possible positive culture and/or PCR for B. burgdorferi. A total of 38 acute-and convalescent-phase serum pairs and 2 additional acute-phase samples were collected, for a total of 78 serum samples from 40 patients. Acute-phase samples were defined as baseline sera collected from patients during their first visit to the clinic and on the day of their Lyme disease diagnosis. The collection of sera from these patients occurred prior to newly prescribed antibiotic treatment. Convalescent-phase sera were collected between 10 to 35 days following the patients' initial diagnosis and after beginning treatment with antibiotics. The early Lyme disease patients presented with at least one EM rash (the number of EMs ranged from 1 to 27). The time between noticing an EM and collection of acute-phase sera ranged from 0 to 28 days, with an average of 7 days. Culture of blood and/or skin biopsy was performed by the provider and attempted with 39 of the 40 patients. In total, 17 of the 39 (44%) tested early Lyme disease patients were culture positive. Similarly, PCR was performed by the provider with samples from 39 of the 40 patients. Overall, 24 of the 39 (62%) patients had a positive PCR result. For the 40 enrolled patients, 26 (65%) were culture and/or PCR positive using one or more samples. Culture and PCR results are summarized in Table  2 . At the time of their follow-up visit, 23 patients (58%) were classified as recovered. The remaining 17 (43%) patients had ongoing symptoms that consisted primarily of fatigue, joint pain, and headache.
(ii) Early disseminated Lyme disease with neuroborreliosis or Lyme carditis. Selection of neuroborreliosis (cranial nerve palsy, lymphocytic meningitis, or radiculopathy) and Lyme carditis (various degrees of heart block) patients for the LSR was based on appropriate epidemiological risk and objective clinical manifestations (see Table S1 in the supplemental material). Of the 17 patients enrolled, 10 presented with neuroborreliosis and 7 presented with Lyme carditis. Eight of the patients (47%) also had an EM or multiple EMs (up to 25) at the time of enrollment. The number of days between a patient's initial and follow-up visits ranged from 2 to 28 days.
Culture was performed by the provider with samples from 10 of 17 patients (4 Lyme carditis patients and 6 Lyme neuroborreliosis patients). Of these, only 2 (20%) of the 10 tested patients with Lyme neuroborreliosis were culture positive from one or more samples. PCR was also performed by the provider on samples from 15 patients (7 Lyme carditis patients and 8 Lyme neuroborreliosis patients). PCR was positive for 4 (27%) of these 15 patients. Overall, 5 of the 17 patients (29%) with disseminated infection were culture and/or PCR positive ( Table 2) . Of the 17 patients, only 2 (12%) were considered to have recovered at the time of their follow-up visits. Other patients had ongoing symptoms, including dizziness, headache, tingling, and/or ongoing palsy.
(iii) Late disseminated Lyme disease with arthritis. The selection of 29 patients with a diagnosis of Lyme arthritis for the LSR was based on inclusion criteria (see Table S1 in the supplemental material). Additionally, the patients of this group were required to be two-tiered positive, following the guidelines of the CDC and the State and Territorial Public Health Laboratory Directors (4).
The length of time between a patient reporting joint symptoms and the date of sampling ranged from 1.5 to 547 days. The joint affected for all 29 patients was the knee. One patient also had symptoms in the elbow and wrist joints. The degree of joint swelling ranged from mild to severe. For 25 of the 29 patients, the antibiotic treatment occurred 1.5 to 152 days prior to sample collection. Four patients were not treated prior to sample collection. The case definition for late disease required laboratory confirmation of infection. Therefore, all serum samples were tested by IgG EIA and IgG WB by the provider. All samples were positive by IgG EIA and by IgG WB. VlsE testing (15) was also performed by the provider and found to be positive for all patients. Joint fluid was collected and tested by PCR from 18 patients, and 7 (39%) of those tested were found to be positive for B. burgdorferi DNA (Table 2) . Due to the laboratory confirmation required for these samples, selection bias toward reactive samples cannot be discounted.
Negative controls. (i) Healthy residents of regions to which Lyme disease is endemic and regions to which it is not. A total of 101 sera were collected from healthy area-of-endemicity controls (all residing in New York). Sera from 102 healthy persons residing in Texas, an area to which Lyme disease is not endemic, were also collected. Inclusion and exclusion criteria for both groups are outlined in Table S2 in the supplemental material.
(ii) Fibromyalgia. A total of 31 sera were collected from patients diagnosed with fibromyalgia based on the 1990 (16) and 2010 (17) criteria for diagnosing fibromyalgia. None of the patients reported a diagnosis of Lyme disease, although 17 (55%) patients had been previously tested for Lyme disease. Inclusion and exclusion criteria are outlined in Table S3 in the supplemental material.
(iii) Infectious mononucleosis. A total of 30 sera were collected from patients in Colorado that were diagnosed with infectious mononucleosis. All 30 patients had a positive rapid mononucleosis test using the Wampole MonoTest (Alere Inc., 
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Waltham, MA) or a Mono-Latex test (Inverness Medical, Scarborough, ME). Only one (3%) patient reported a comorbidity (diabetes), and three (10%) patients were prescribed antibiotics for Streptococcus infection. Inclusion and exclusion criteria are outlined in Table S3 in the supplemental material.
(iv) Multiple sclerosis. Sera were collected from 22 patients that were diagnosed with multiple sclerosis. A diagnosis of multiple sclerosis followed the 2005 revisions of the "McDonald Criteria" (18) (see Table S3 in the supplemental material). Of these patients, 18 had relapsing-remitting multiple sclerosis and four had secondary-progressive multiple sclerosis. Patients reported anywhere from one to more than six multiple sclerosis episodes. Of these patients, none were in acute exacerbation at the time of sample collection. Patients were asked if they had current or past optic neuritis or myelitis. Five patients reported having optic neuritis, and 11 patients reported having myelitis (information was unknown for 2 patients).
Eighteen (82%) patients reported potential exposure to a tick bite. No patient reported a history of an EM rash, one patient reported a history of meningitis, one patient reported a history of facial nerve palsy, and two patients reported a history of radiculopathy. All information described above was unknown for one multiple sclerosis patient. Serologic testing, if known, was documented by the provider for antinuclear antibody (ANA), rheumatoid factor, and neuromyelitis optica antibody. Titers of ANA were found to be weakly positive for two patients and unknown for six patients. Rheumatoid factor was found to be weakly positive for one patient and unknown for seven patients. Neuromyelitis optica antibody was negative for 8 patients and unknown for 14 patients.
(v) Rheumatoid arthritis. A total of 21 sera were collected from patients that met the American College of Rheumatology (ACR) criteria for rheumatoid arthritis diagnosis (19) (see Table  S3 in the supplemental material). Rheumatoid factor (RF) was positive for 17 patients, negative for 3 patients, and unknown for 1 patient. The presence of anti-cyclic citrullinated peptide (CCP) antibodies (19) was positive for 11 patients, negative for 3 patients, and unknown for 7 patients. Radiographs to identify erosions or bony decalcification localized in or adjacent to the involved joints were positive for 10 patients and negative for 11 patients. Additionally, ANA tests were positive for four patients.
(vi) Severe periodontitis. Twenty serum samples were collected from patients diagnosed with severe periodontitis. Diagnosis of severe periodontitis was based on the criteria set forth by the American Academy of Periodontology (20) . These criteria are outlined in Table S3 in the supplemental material.
(vii) Syphilis. Twenty serum samples were collected from patients with active syphilis. All patients were diagnosed following the criteria outlined in Table S3 in the supplemental material. Of the patient samples collected, three (15%) were diagnosed with primary syphilis, four (20%) with secondary syphilis, 10 (50%) with early latent syphilis, and three (15%) with late latent syphilis.
Standard two-tiered testing. Samples received at CDC were given a unique identifier and assayed in a blinded manner using two-tiered serologic testing. The results of this testing are summarized in Table 3 . Sera collected at baseline from acute-phase patients with early Lyme disease (n ϭ 40) were found to be 68% positive by EIA, 35% positive by IgM WB, and 20% positive by IgG WB. A relatively small proportion (40%) of acute-phase patient samples was positive by standard two-tiered testing (positive or equivocal EIA followed by positive IgM and/or IgG WB). Convalescent-phase sera collected from these patients (n ϭ 38) were 89% positive by EIA, 53% positive by IgM WB, 37% positive by IgG WB, and 68% positive by standard two-tiered testing without regard to the duration of illness prior to sample collection. CDC recommendations state that sera from patients collected more than 30 days after the onset of illness should not be tested by IgM WB to avoid false-positive results (4) . Twelve of the 38 convalescent-phase samples were taken between 31 and 45 days following the onset of illness. Thus, based on the recommended IgM WB restriction, 61% of convalescent patient samples were positive by two-tiered testing.
Patients with early disseminated Lyme disease presenting with neuroborreliosis (n ϭ 10) or Lyme carditis (n ϭ 7) were 94% positive by EIA (9 neuroborreliosis and 7 carditis samples), 82% positive by IgM WB (10 neuroborreliosis and 4 carditis samples), 41% by IgG WB (3 neuroborreliosis and 4 carditis samples), and 88% positive (9 neuroborreliosis and 6 carditis samples) by twotiered testing (IgM and/or IgG WB) with no 30-day IgM WB criteria applied. With the CDC-recommended IgM testing criteria used, 5 of these 17 patients fell beyond the Յ30-day criteria for use of IgM WB. However, these exclusions did not alter the two-tiered testing results for this patient group.
Sera from patients with late disseminated Lyme disease with arthritis (n ϭ 29) were 100% positive by EIA, 31% positive by IgM WB, 100% positive by IgG WB, and 100% positive by two-tiered testing (IgM and/or IgG WB). Twenty patients from this group had a duration of illness beyond the Յ30-day criteria for use of IgM WB. Because all 29 patients were two-tiered positive by IgG WB, the IgM results with or without the 30-day criteria did not change the overall two-tiered results. It should be noted that positive two-tiered serology was a criteria for selection of patients with Lyme arthritis (see Table S1 in the supplemental material); therefore, it was expected that all samples be positive by two-tiered testing.
The Lyme disease-specific serologic reactivity of samples from negative controls ranged from nonreactive to highly reactive (Table 3). Sera from patients with severe periodontitis (n ϭ 20) were nonreactive for Lyme disease by EIA and WB. Similarly, only 1 serum sample of those collected from patients with fibromyalgia (n ϭ 31) was positive by IgM WB. Sera from patients with rheumatoid arthritis and multiple sclerosis had a higher cross-reactivity. Positive results were obtained by EIA with 10% and 18% of sera from patients with rheumatoid arthritis and multiple sclerosis, respectively. Low reactivity (5% positive) was observed for both of these groups in two-tiered testing using IgM WB and no 30-day cutoff. Application of the 30-day illness restriction for the use of IgM WB resulted in no false-positive two-tiered interpretations. The two groups with the highest cross-reactivity were syphilis and infectious mononucleosis. Sera from patients diagnosed with syphilis were 85% and 10% positive by the Lyme disease EIA and two-tiered testing using IgM WB, respectively. No syphilis patient samples were positive in IgG WB. However, for one syphilis patient with a disease duration of Ͻ30 days, the two-tiered test interpretation was positive. Sera from patients with infectious mononucleosis were 53% positive by EIA and 10% positive by two-tiered testing with or without IgM WB restrictions. Since most infectious mononucleosis patients who seek medical care will do so within 30 days of illness onset, IgM WBs will often be utilized if Lyme disease testing is performed, and this could lead to misdiagnosis. For other patient groups (rheumatoid arthritis, fibromyalgia, multiple sclerosis, and severe periodontitis), all patients sought medical care Ͼ30 days after their initial symptoms began.
Sera from healthy persons residing in areas to which Lyme disease is endemic (n ϭ 101) were 9% positive by EIA, and were 2% positive by two-tiered testing using the IgM WB or IgG WB. Sera from healthy persons residing in areas to which Lyme disease is not endemic (n ϭ 102) were 5% positive by EIA, and all were negative by two-tiered testing (IgM and IgG WBs).
Composition of panels. Based on anticipated use of the sera and our previous experience with distribution of serum panels, we identified four general panel categories (Table 4 ). The first panel category is validation. This panel is composed of five positive Lyme patient samples and five healthy controls and is intended to validate commercial assays and instruments. The second panel category is research. Two panels fall under this category and are identified as Research I and Research II. The Research I panel consists of 32 sera, and Research II consists of 92 sera. For both of these panels, all three stages of Lyme disease, all of the Lyme disease look-alike diseases, and the healthy controls (in areas of disease endemicity and nonendemicity) are represented. The third panel category is premarketing. This panel is composed of 280 sera representing all three stages of Lyme disease, all of the Lyme disease look-alike diseases, and the healthy controls (in areas of disease endemicity and nonendemicity). The fourth panel category is custom. This panel will be assembled in response to more focused needs of individual investigators.
DISCUSSION
Assessment of the antibody response to B. burgdorferi infection has been the mainstay of laboratory confirmation of Lyme disease for more than 20 years. In the United States, a two-tiered serology algorithm was recommended in 1995 (4), and a similar strategy was established in Europe (21, 22) . Although published studies frequently report serology test data on individual investigations with small patient numbers, fewer report on two-tiered test data obtained with large and well-characterized Lyme borreliosis patient sample sets. Among the later studies with U.S. patients, significant ranges in sensitivity are reported. Specifically, 29 to 40% sensitivity for the earliest acute-phase samples from EM patients, 29 to 78% sensitivity for convalescent-phase samples from these same patients, and 40 to 87% sensitivity for patients with early disseminated disease (Lyme neuroborreliosis and Lyme carditis) have been observed (8, 15, 23) . In late-stage Lyme arthritis or Lyme neuroborreliosis, two-tiered sensitivity has been much higher and more tightly grouped, ranging from 97 to 100% (15, (23) (24) (25) . Two-tiered variability in sensitivity with early Lyme disease is explained by inappropriate test use and differences in duration and dissemination of disease in tested patients (3, 26) . Variability in sensitivity has also led to confusion and misunderstanding of the value of testing and how to interpret results.
Medical practitioners and the public at risk for Lyme disease, as well as test developers, would benefit from access to large sample sets and the corresponding sample data. Additionally, greater benefit would be gleaned from comparative data analyses using a stan- (10) 9 (90) 10 (100) 3 (30) 9 (90.0) 3 (30) 9 (90) Lyme carditis (7) 7 (100) 4 (57) 4 (57) 4 (57) 4 (57) 6 (86) Late Lyme diseases Lyme arthritis (29) 29 (100) 9 (31) 29 (100) 9 (31) 29 (100) 29 (100) Look-alike diseases, total patients ϭ 144 Fibromyalgia (31) (21) 2 (10) 1 (5) 0 (0) 1 (5) 0 (0) 0 (0) Syphilis (20) 17 (85) 2 (10) 0 (0) 2 (10) 0 (0) 1 (5) Multiple sclerosis (22) 4 (18) 2 (9) 0 (0) 1 (5) 0 (0) 0 (0) Infectious mononucleosis (30) 16 (53) 5 (17) 0 (0) 3 (10) 0 (0) 3 (10) Healthy controls, total donors ϭ 203 Area of disease endemicity (101) 9 (9) 2 (2) 2 (2) 1 (1) 2 (2) 2 (2) Area of disease nonendemicity (102) 5 (5) 2 (2) dardized sample set that includes healthy and disease controls that are likely to be encountered in normal test use. Such panels are time and cost expensive and require carefully formulated inclusion and exclusion criteria to maximize their utility. The CDC LSR was developed to address these needs and limitations. Specifically, this repository consists of sera from positive controls that include all stages of Lyme disease meeting the CDC surveillance criteria and negative controls that include healthy donors from diseaseendemic and non-disease-endemic areas and patients with lookalike diseases. Use of these samples will enable comparative assessment among novel diagnostic tests and with those already in use. In addition to improving the sensitivity of diagnostics for Lyme disease, the specificity of new tests must also be considered. The specificity of two-tiered testing for Lyme disease beyond 30 days of duration has generally been reported to be 98 to 100% (1, 8, 15, 23) . However, this specificity is dependent on the negative-control sera used. The panels described here offer sera from patients with look-alike diseases (fibromyalgia, infectious mononucleosis, multiple sclerosis, rheumatoid arthritis, syphilis, and severe periodontitis) that are documented as causing cross-reactivity in serologic assays for Lyme disease (27, 28) and/or are a differential diagnosis for at least one of the stages of Lyme disease (2) . Syphilis and some cases of severe periodontitis are caused by the spirochetes Treponema pallidum and Treponema denticola, respectively, and anti- bodies to both organisms have been shown to be cross-reactive with Borrelia antigens (29) . No cross-reactivity to the Lyme disease EIA and two-tiered test was observed with sera from patients with severe periodontitis. Sera from patients with syphilis, however, had relatively high cross-reactivity (85% of samples) when tested by whole-cell EIA (first tier). When two-tiered testing was performed, the specificity with these patient samples increased to 95%. Infectious mononucleosis was included in the LSR panel because it is an acute infection that generates a clinical picture that may be similar to early Lyme disease and an antibody response that can be cross-reactive in diagnostic assays for Lyme disease (30) . In this study, 53% of sera from patients with infectious mononucleosis and no history or recent risk of Lyme disease showed cross-reactivity with borrelial antigens by the EIA, and 10% showed cross-reactivity by two-tiered testing. Additionally, 18% of sera from patients with multiple sclerosis, a disease that causes nervous system complications similar to those in Lyme neuroborreliosis (2) , were false positive when tested by first-tier EIA. However, specificity improved to 100% when two-tiered testing was applied to these patient samples. To account for differential diagnosis for Lyme arthritis, sera from patients with fibromyalgia and rheumatoid arthritis were collected and tested. Limited cross-reactivity with EIA or two-tiered testing was observed for patients in these last groups. Sera from healthy donors in regions to which Lyme disease is endemic and not endemic were collected and included in the LSR. Two-tiered testing of these sera found that healthy controls living in areas of endemicity and nonendemicity for Lyme disease yielded specificities of 98% and 100%, respectively. This is in line with previous reports for these two sample groups (15, 23) .
The first-and second-tier Lyme disease testing results reported here support the combined sensitivity and specificity rationale of the two-tiered algorithm as opposed to use of just one test. However, alternative and FDA-cleared first-and second-tier tests with various performance characteristics have been described (23, 25, 31) . The LSR has been evaluated with additional assays (C6 EIA and VlsE), and those findings are available to users of the repository.
While a number of negative-control categories with overlapping clinical and/or antibody profiles were sought and included in the LSR, other relevant negative-control disease categories, including summer flu, other tick-borne diseases, and hepatitis, were not obtained. Similarly, samples were not obtained from patients who acquired Lyme disease outside the United States. Thus, infections with Borrelia garinii and Borrelia afzelii were not represented. Use of the LSR panels, therefore, should be considered partial fulfillment of sample inclusion in the process of new Lyme disease test development, validation, and FDA clearance.
LSR users will have access to a free resource of sera from wellcharacterized patients. Panels will be supplied to investigators in a progressive manner, with Research Panel I being the first provided and access to additional panels (Research II or custom panels) based on use and data generated from earlier panels. In addition to the availability of sera in the form of research panels, a validation panel will be available to laboratories needing a few positive and negative controls for instrument validation. To obtain a panel, requests should be made to the Division of Vector-Borne Diseases, Bacterial Diseases Branch.
